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INTRODUCTION

The Hawaiian Volcano Observatory (HVO) summary presents data gathered during tne year, with a 
narrative nighiighting seismic activity ana a chronological narrative describing the volcanic events and 
significant Observatory-related activities. The seismic summary is offered without interpretation as a 
source of oreliminary data. It is complete m the sense that ail data for events of M>1.5 routinely 
gathered by the Observatory are included. The emphasis in collection of tilt and deformation data has 
shifted from quarterly measurements at a few water-tube tilt stations ("wet" *ilt) to a larger numoer 
of continuously recording borenoie tilimeters, repeated measurements at numerous spirit-level tilt 
stations ("dry" tilt), and surveying of level and tniateration networks. 3ecause of the large quantity 
of deformation data now gathered and differing scnedules of data reduction, the seismic and 
deformation summaries are puPlished seoarateiy.

The HVO summaries have been published in various forms since 1956. Summaries prior to 1974 
were issued quarterly, but cost, convenience of preparation and distribution, and the large quantities of 
data dictated an annual publication beginning with Summary 74 for the year 1974. Summary 86 
includes an extensive description of the seismic instrumentation, calibration, and processing used in 
recent years. The present summary includes enough background information on the seismic network 
and processing to allow use of the data and to provide an understanding of how they were gathered.

A report tabulating instrumentation, calibration, and recording history of each seismic station in 
the network by Klein and Koyanagi is available-as a USGS Open-File Report 1 . It is designed as a 
reference for users of seismograms and pnase data and includes and augments the information in the 
station table in this summary.

Klein. F.W.. and Koyanagi, R.Y., 1980. Hawaiian Volcano Observatory seismic network history, 
1950-1979: U.S. Geological Survey Open-Fiie Report 80-302, 34 p.



CHRONOLOGICAL SUMMARY - 1991

DV

Christina Heliker. Margaret Mangan, 
"ari Mattox and James Kauanikaua

Kupaianana

:991 was a year of transition for the Puu Oo/Kuoaianana emotion. At the beginning of the 
year, the wooachio tube. A/hich fea flows to Kaiaoana. was stili active, but fiow activity soon reverted 
:o the western side or the flow fieid. where lava entered the ocean at three main entry points until 
September. The new year also brought the era of eruptive pauses to a close. In 1990, the continuous 
effusion from Kupaianaha was interrupted by 12 pauses, the last occurring in November 1990. The 
pauses were coon foiiowed by an era of intrusions. The first intrusion was at Kilauea's summit in 
December 1990, the second on the upper east rift zone in March, and the third at the summit in August. 
The only immediate, visible effect of the intrusions on the eruption was a brief increase in activity at 
the Puu Oo lava pond following the December intrusion.

The lava output from Kupaianaha gradually diminished after we began to make VLF 
measurements on a regular basis in Aorii 1991. By year's end, the volume was about a quarter of that 
measured in Aoril. The over-all emotion outout briefly surged in November, when a fissure ooened 
between Puu Oo and Kupaianaha. The fissure activity (episode 49) lasted about two weeks. Our 

estimate of the volume erupted from the episode 49 vent is 15 x 10^ m^ (not corrected for void 
space).

PuuOo

One of the most dramatic changes in 1991 occurred at Puu Oo, where, in August, the active 
lava pond rose to within 40 m of the crater rim. This was the culmination of more than a year of 
heightened activity in Puu Oo. Lava has been active intermittently at the bottom of the crater since 
'987, but since August 1990 the activity nas been continuous, 'n that rnontn. ;he depth from the 
-;rater nm to the floor rose aoruotly from aoout "80 m to 80 m. 3v January 1991. a lava pona haa 
formed on the extreme northeastern (downrift) side of the crater, almost undercutting the crater wall. 
Through July 1991, this pond, which covered about 20% of the floor, was a constant feature of the 
crater. Activity was usually confined within the pond's levees, although, occasionally, short-lived 
overflows covered a broader area.

The T'oor maintained a constant level until August 1991, ;vnen it rose to ^0 m oelow the nm 
during a period of greatly increased pond activity, marked by weeks of gas-pistoning (during which the 
pond level rapidly rose and fell by several meters), low-level fountaining, and frequent pond overflows 
that covered the entire floor. In November, the pond drained shortly after episode 49 began, and the 
floor dropped to rougniv 80 m below the rim. As activity resumed in December, the floor rose to the 
40 m level once again.

The crater continued to enlarge in 1991 through collapse of the inner walls and stoning of the 
ruobie ;nto the conduit beiow. The dimensions of the crater at the end of the year were 290 m by 200 
m. The cone had lost 22 m in height since the last high fountaining eoisode in 1986.



Table C-1.
EruDiion Staiistics 

Areas
Total area covered by lava, January 1983 througn Decemoer '991 - 76 km^ (29 sa mi) 
Surface area* covered by Puu Oo flows

(episoaes 1-47") ana by the 'A vent" flow of episode 48 = 36 km2 (14 sa mi) 
Surface area covered by Kupaianana flows througn December 1991 = 4.Q km2 (15 so mi) 
Surface area covered by episode 49 flows, iNovemoer 3-26, 1991 = approximately 4 km^ (1.5 sq

mi) 

*°uu Oo flows originally covered aoout 42 sq km, but some of this area nas oeen reouned by Kuoaianaha flows.

Hew land created Decemper 1986 - December 1991 = approximately 300 acres. (This is a net figure.
which aoes not include new land that was claimed bv 
wave erosion or collapse of the active lava bench.)

Volumes
This eruption: 
Total, January 1983 through December 1991 = approximately 950 x 106 m3 (dense rock equivalent)

Episodes 1-47 (1/83 - 6/86) = 550 x 10° m3 (not corrected for void space) or roughly 385 x 106 m3
dense rock equivalent

Episoae 48 (7/86 - 12/91) = approximately 550 x 10*5 m3 (dense rock equivalent) 
Episode 49 (11/91) = (preliminary) 15 x 10° m3 (not corrected for void space)

Other fascinating facts
Height of Kupaianaha lava shield = 56 m
Kupaianaha pond status: completely sealed off since June 1990
Height of Puu Oo cone, January 1992 = 235 m (772 ft). The cone has lost 22 m due to collapse since

1986.
Dimensions of Puu Oo Crater, October 1991 = 200 m x 295 m 
Depth of Puu Oo Crater floor, January 1992 = 40 m 
Puu Oo pond status: active almost all of 1991 
Thickness of lava at the coasi: 

rougnly 25 m (75 ft) over Highway 130 at Queen's Bath 
roughly 50-75 ft over Kalapana Gardens 
roughly 15 m (45 ft) near the sea cliff at mid-flow 

Structures destroyed:
Residences destroyed through December 1991 =181. Total losses = $61 million. 
Other structures include the Waha'ula Visitor Center and maintenance shop, Royai Gardens community

center. Mauna Kea Congregational Church, Puna Canoe Club naiau. ana the Kalapana Drive-in. 
Puu Oo, Episodes 1-47: 16 
Kupaianaha:

November 1986-December 1989: 58 
February 1990-January 1991: 105 
October 1991: 2



Figure C-1. Mao showing area covered by lava flows producea by Kilauea's east rift eruption from 
1983 through 1991.
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SEISMIC INSTRUMENTATION

~he networx. The Hawaiian Volcano Observatory maintains an exiensive telemetered seismic 

network on the island of Hawaii. The 1991 network consisted of 52 stations 50 aigital and 2 low- 
gain, tnree-comDonent opficai. The 50 aigital stations include 12 tnree-comoonent and 38 venical- 
comDonent-oniy sites. The coverage is most dense on and around Kilauea Volcano. With the exception 
of self-contained systems at the Uwekahuna and the Hilo stations, all seismic signals from the short- 
period network are telemetered to the Observatory for recording.

Figure 1 is a map of selected geograpnic and geologic features. Figure 2 shows the seismic stations 
operated on the Island of Hawaii during 1991. and Figure 3 indicates the telemetry scneme for The 
resoective seismic stations. Table 1 lists all seismic stations operated by the U.S. Geological Survey 
fieid office in Hawaii during 1991. Listed are names, four-letter station cooes, coordinates in degrees 
and minutes, elevation in meters, and other data, as described below, pertaining to eacn station, in 
addition to the seismometers listed in Table 1, a long-period, three-component set of Press-Ewing 
seismometers was operated in the Uwekanuna vault and recorded en onotograonic Daper.

Instrumentation and recordind. Each telemetered station has a voltage-controlled oscillator (VCO) 
for FM multiplex transmission to HVO via either hardwire or radio. These telemetering stations are all 
of Type 1, the Office of Earthquakes, Volcanoes and Engineering (OEVE) standard system used in USGS 
seismic networks (see Table 2 for details). After discrimination at the receiver, the analog signals are 
convened to digital form as pan of the routine computer location processing and arcniving. Analog 
signals from 36 selected stations are recorded on two Develocorders using 16-mm microfilm. FM 
signals from the telemetering networK are aiso recorded directly on one-men magnetic tape. Selected 
larger events are copied onto condensed FM library tapes, which are currently archived in Menlo Park. 
The type(s) of continuous recording used for each station (in addition to magnetic tape for the 
telemetered stations) is coded in Table 1 as follows: D - Develocorder film, P - photographic paper, 
H - Helicorder paper, and I - ink paper.

In addition to the standard stations, optical drum seismographs are maintained at Uwekahuna (HVO) 
and Hilo and a helicorder drum seismograph is maintained on Oahu (Honolulu station operated by the 
Pacific Tsunami Warning Center). The less sensitive optical records are used primarily for amplitude 
measurements for magnitude calculations to supplement readings from the high-gain stations. The 
paper records, as weil as the 16-mm Develocorder microfilms, are archived at HVO.

Seismograph response and calibration. Displacement response curves for the three short-period 
seismograph types in use are given in Figure 4. Types 2 and 3 are electro-mechanical systems 
recorded on paper records. The Type 1 curve gives the displacement magnification of the standard 
OEVE system from ground motion at the seismometer to the seismic trace, as seen on a 20x 
Develocorder film viewer. The curves piot the unit response, wnich is multiplied bv a constant but 
known factor (CAL-factors range from about 1 to 7, averaging about 4, Table 1) to get the response 
for an individual station. Individual CAL factors for Type 1 seismographs are equal to the peak-to-peak 
amplitude measured in millimeters on the 20x Develocorder viewer of a 100-microvolt 5 to 8-Hz 
signal introduced to the oreamp/VCO in place of the geopnone at the fieid station. The calibration 
process is normally performed each time a station is visited wnen other maintenance is required.



Figure 1. Map of the Island or Hawaii, showing principal settlements and selected geograonic and 
geologic features.
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 able Seismic stations in Hawaii operated bv the USGS in 1991.
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Table 2. Seismic Instrument Types 

The codes in parentheses refer to the seismometer types listed in Table 1.

Type 1 (Codes E, L, and 3, 4, 5) consists of:
a) Geophone - Electrotech EV-17 (E), or Mark Products L4C (L) 1.0-sec. period moving-magnet 

vertical- or horizontal- (E-W ana N-S) comoonent seismometer adjusted for an 
output of 0.5 voits/cm/sec and 0.8, critically damped.

b) Preamp/VCO - USGS/OEVE Model J302 (3), J402 (4), J502 (5) voltage-controlled oscillator. 
Three db points for bandpass filter at 0.1 Hz and 30 Hz. Signals are transmitted 
on audio FM carrier over cable or FM radio link to HVO.

Type 2 (Code E) consists of:
a) Eiectrotech EV-17 i.O-sec. period moving-magnet vertical- or horizontal- (E-W and N-S) 

component seismometer.
b) 3.5 Hz galvanometer with appropriate shunt resistances for critical damping. System is poorly 

calibrated. Peak magnification aoproximately 25.000 at 4 Hz.

Type 3 (Code H1) consists of:
Electrotech EV-17 or Observatory-built 0.8-sec. period moving-coil seismometer, with HVO-built 
solid-state seismic preamplifier, galvanometer driver, and 2 Hz galvanometer. Peak magnification 
approximately 40,000 at 4 Hz.

Code (W) is a Wood-Anderson torsion seismograpn.

Code (MW) is a horizontal-component seismograon based on a Type 1 system and modified to a Wood- 
Anderson response.
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Figure 4. System response curves for the Wood-Anderson torsion seismograph and for the three
different types of seismometers used bv the Hawaiian Volcano Observatory. Types 2 and 3 
are electro-magnetic seismographs recorded optically on photographic paper. Type 1 is the 
standard OEVE seismometer system recorded on Deveiocorder film and magnetic tape. The 
curve for Type 1 includes response of the geophone, all electronics including telemetry, 
Deveiocorder galvanometer, and projection of film by a 20x viewer. The curves plot the 
unit response, wnich snouid be multiplied by a constant but known factor (CAL) to get the 
response for an individual station.



SEISMIC DATA PROCESSING

Deveiocorder films are scanned on a daily basis for freauency of eanhquaKes. ana coda duration in 
seconds are measured oniy as a guide io magnitude, in 1986, HVO acauirea a VAX 11-750 comouter 
and adooted the CUSP (California Institute of Technology USGS Seismic Processing) routine. 
Discriminated analog signais are converted to digital form, and detected events are savea in real time. 
Detected events are demultiplexed, and P-picks are maae by the comouter. producing a rougn location 
and coda-ampiitude (CD) magnitude. Events are examined by an analyst to refine comouter P-picks and 
to time additional P- and S-phases for a preliminary location. Binary CUSP *iles are tape-archived ana 
translated into ASCII phase files. Locations are then determined, using the program HYPOINVERSE 
(K!ein, 1989)2 . Events are reworked and rerun, as needed, to produce a final solution. Magnetic tape 
copies of ail arrival times and output summary data are kept at Memo Park ana at HVO.

The crustal model used is specified by velocities at four depth points. Velocity at any depth is 
given by linear interpolation between points and uses a homogeneous half-space, as listed below:

VELOCITY DEPTH
(km/sec) (km)

1.9 0.0
5.5 4..6,
6.9 15:6
8.3 16.5

Two empirical sets of station delays or corrections were used in the locations and are given in 
Table 1. The delay models are separated by a circle of radius 34 km, centered at 19°22' N and 
155°10' W. Delay model 1 is used for epicenters occurring within a circle of radius 31 km from the 
center. This region includes Kilauea and its south flank. A combination of the two delay models is used 
for epicenters that fall in a transition zone that is 6 km wide. Delay model 2 is applied to the rest of 
the island and offshore earthquakes. (For a detailed description, refer to Klein, 1989.) 2

Magnitudes for most events are computed using recorded amplitudes on low gain or Wood-Anderson 
stations. Amplitudes read from other than Wood-Anderson instruments are corrected to an equivalent 
Wood-Anderson amplitude using the curves of Figure 4 and CAL factors listed in Table 1. Amplitude 
magnituaes larger than 2.5 are generally oasea on the Wood-Anaerson instruments in Hiio or en Type 2 
seismograons at Uwekanuna. A coda-amplitude (CD) magnitude determined by CUSP has aiso been 
included. The CD magnitudes were computed using maximum amplitudes and coda decay rates from 
digitized signals.

2 Klein. F.W.. 1989, User's guide to HYPOINVERSE: U.S. Geological Survey Open-File Report 89-314, 
58 p.



SEISMIC SUMMARY

The emphasis in both station coverage ana detailed data analysis is on the highly active soutn naif OT 
the isiand of Hawaii. Hundreds ot earthquaKes too small to locate are classified as to tvpej and counted 
daily. The set of well-recorded earthduaKes located in the Hawaii Isiand region is nearly complete 
above magnitude 2.0. Many smaller events are located in the densely instrumented Kilauea area. 
Substantial eifort is made to locate earthduakes eisewnere wnhin the Hawaiian Archioelago. Such 
coverage cannot be as complete as in south Hawaii, but nearly ail events aoove magnitude 4.0 are 
located with limited precision. Data presented in the seismic summary are in four parts: -.1) Table 2 
gives duration of harmonic tremor and numoers of earthquakes (most too small to iocatej from several 
source regions around Kilauea and Mauna Loa. The source region is determined visually from signal 
character and cattern of arrival times at key stations. (2) Mans showing comouter-iocatea 
hypocenters are given in Figures 9-22. The location maps are of different scales and provide 
hypocenters with magnitude thresholds set at 1.0, 2.0, 3.0, and 3.5, varying according to region. ^3) 
The list of computer iocations constitutes the bulk of this summary and is given in Table 5. Each 
earthquake in ihe iist is assigned a mree-ietter code cased on its general location and depth, -igures 5- 
8 are maps of the regions used to assign the location cooes. The latitude and longitude limits of 
rectangular regions are listed in Table 4. When the listed coordinates overlap, precedence is given 
according to Figures 5-8. (4) Table 6 re-lists the events in Table 5 for which either duration or 
amplitude magnitude is 3.0 or larger. This iist includes many of the earthquakes felt in Hawaii.

Table 3. Numoer of earthquakes ana minutes of tremor recorded on seismographs around Kilauea and
Mauna Loa. 

Earthquake categories are as follows:
1) Kilauea summit, short-period caldera: shallow earthquakes beneath the caldera.
2) Kilauea summit, long-period caldera A: earthquakes characterized by low frequency 

signatures of 3 to 5 Hz, often originating 0-5 km beneath the summit.
3) Kilauea summit, long-period caldera B: earthquakes characterized by low frequency 

signatures of 1 to 3 Hz, often originating 0-5 km beneath the summit.
4) Kilauea summit, long-period caldera C: earthquakes characterized by low frequency 

signatures of 1 to 5 Hz, often originating 5-15 km beneath the summit.
5) Kilauea summit 30 km: earthquakes about 30 km deep beneath the summit region. 
3) Kaoiki and southwest rift: aarthduakes beneath the southwest rift of Kilauea. western 

parts of the Koae faults, ana aaiacent KaoiKi fault system of Mauna Loa.
7) Upper east rift: earthquakes in the upper and middle east rift zones, the adjacent parts of 

the south flank, and eastern parts of the Koae faults.
8) Lower east rift: earthquakes in the lower east rift zone and adjacent parts of the south 

flank.
9) Mauna Loa short-period: shallow earthquakes in the Mauna Loa summit region.

10) Mauna Loa iong-perioa: earthquakes cnaractenzed by iow-freauency signatures near the 
summit region.

11) Mauna Loa northeast rift: earthquakes beneath the northeast rift zone of Mauna Loa. 
12-15) Tremor is separated into four categories: Kilauea-shallow. intermediate, and deep, and 

Mauna Loa. Depth is inferred on the basis of relative amplitudes on seismographs.

The criteria for Kilauea shallow tremor have been changed to accommodate the ongoing eruption where 
tremor in the middle east rift zone is continuous. Distinction is made between high-amplitude tremor related to 
strong eruptive oeriods and low-amplitude tremor during periods with no lava production. Only minutes of 
tremor at saturated levels recorded locally at STC and KLC are included in Table 3.

Koyanagi, fl. Y., 1982. Procedure for routine analyses and classification of seismic events at the 
Hawaiian Volcano Observatory, Part !: U.S. Geological Survev Ooen-File Report 82-625, 32 p.; 
figs., 59 p. [unpaginated].



Table 3. KILAUEA SUMMIT KILAUEA FLANK MAUNA TREMOR ( MINUTES)

SHORT 
DATE ! PER . 
1991 ICALD.
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CALDERA KM 'i 3W F-AST EAST | PER. PER. P.IFT LOA 
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JAN 1 ! 15 "748 2 29 
2 ; "3 1156 39 | 25 
2 40 1067 3   18 
4 20 1005 9 : 29 
5 24 1043 25 ' 12
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7 . 10 
3 17 
Q *

10 18
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' O ' O
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16 14
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24 I 79 1835 46 15

26 4 1 
14 4 6 3 3 i 
41 131 5 1 5 i 
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46 3 211 
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59 1 2 1 
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574 5 
49 16 6 1 1 8 
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^52 4 4 :

68 5 737 
95 4 8 3 
.29 5 413

1 Q « ^ "" 
-= O ^  

62 4 1

30 6 1 3 
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KILAUEA SUMMIT KILAUEA FLANK MAUNA LOA TREMOR (MIMJTES)
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16 13 13 - 3 
42 24 12 1 6

57 52 7 2 1 9 
52 57 13 1 3 9 
67 39 14 1 2
"9 22 11 1 ' 
55 3 10 1 ' 13

3 0 1 2 | i 1 25 ~ 
27 3 212 
54 3 7 3 2 41 
50 61 6 3 1
J9 3 13 1 ;

42 7 936

33 1 0 ! 9 1 2 
50 4 5

23 3| 14 2 15 
49 4 16 1
51 2 312
454 -> - ', 
31 ? 15 4



KILAUEA SUMMIT XILAUEA FLANK MAUNA TREMOR iMINUTES)

DATE
1991

AUG 9*
10*

11
12
13

14
15
15*"
i *~f

18*

19*
20*

21
22
23

24
25
26
27*

23

29
30
31

SEP 1
2

3
4
5
6
7

8
5

- n

11

12

13
14
15
1~ O

17

IS
19
20
21
22

23
24
25
26
27

28
29
30

OCT 1
-5

SHORT
PER.

CALD .

4
4
Q

2 5
II

~

5

30

280
20
12

(.______ 
8

21
19
14
12

3
3
3
9
6

(.------ 

4
6
4

24
40

7
I
o

12
31

h------ 
35
22
25

3

.5

3

19
7
6

P           

2
7

15
57
27

22
19
25

137
36

LONG PERIOD 30 XAO .
CALDERA :-IM i 3W EA

AST ' P.IFT RI

31 9 : 15
32 30 14 , 42
48 44  ? I 28
47 3 10 : 25
58 11 . 31

45 9 '35
98 13 , 24

45 4 3 19
'

36 1 30 1
48 i 3 21 1

111 30
-  ------------ -  + - ----- 

95 1 21
"0 1 28
66 4 16
71 2 11'
59 17 ; 24

41 14 17
34 1 32
45 5 3 23
30 5 1 34
43 4 23

--------   ______-__+__      - 

53 11 35
68 38 46
78 317 4 34
88 92 15 14
94 32 5 14

38 1 5 26
^822 35
49 2 ! 37
51 15 ; 34
63 1 21

112 4 27
95 1 39 1
69 2 35
59 1 12
37 1 17

30 : 15
181 1 34 1

53 9 36
54 42 29
54 _5 37

49 48 35
35 1 36
55 1 28

100 1 ; 31
103 18 23

36 1 26
43 1 1 35
51 1 38 1
89 3 29 1
30 ~ 29

P. LOW. , SHORT LONG :-iE KILAUEA MAUNA
3T EAST PER. PER. RIFT 1OA
FT RIFT SHAL. INT. DEEP

35 5 1
33 6 31
30 13 4 2 : ?
54 4 711
"5 ' -i "  2

36 12 11 ' 15
59 4 522

57 7 4 2 2 ' 3

;

18 7 ? 1 1 ! 16
Dl 5! 3 5   2
33 9 4 5 1 36 2

50 4 5 1
56 2 5
51 5 5 1
58 4 952
"0 5 12 2 3 ;

44 g "7 3 l
49 7 4 1 39
53 8 72
52 7 331
34 10 712

72 13 432
56 9 516
58 7 743
57 5 221
50 8 44

37 7 132
~,2 5 "" 1 2
-573 , 41

i4 11 5 3 1 ;
55 4 33

76 14 221
L5 12 41
96 3 911
36 3 10 °- 29
58 11 14 4 4

^2 314
L5 3 25 1 2
77 11 11 1 2 1
76 8 17 10 1
~0 10 23 2 2

74 6 13 1 2 2
56 3 645
70 12 17 1 4
U 15 10 1 4 '
93 141 5 1

53 512
72 31 18 1 1 49
28 22 7 2
30 3 ? 3 4 ;
^5 111 J 2

20



SUMMIT XILAUEA FLANK MAUNA LOA TREMOR i MINUTES)

' SHORT 10 
DA..TH i ^HR. 
"991 ' CALD . ^

OCT 2 19 2

' 13 5
5 12 4

.-> 2 0 
,- '-.7 11 

10 . 27 15 
11 ; 10 3 
12 27 5

13 30 6 
14 157 9
15 ! ~4 i 
15   23 - 
17 18 3

18 33 4
19 46 3 
20 40 ? 
21 93
_2 ; 20 2

23 24 
24 31 1 
25 25 7 
26 33 9 
27 19 9

28 56 17 
29 44 6 
30 18 4 
31 53 3 

NOV 1 105 2

2 41 3
-> ' - a -

r "5 4

6 18 6

7 22 4 
8 39 
9 37 2

  0 ' 31 
11, 15

13 7 
14 10 
15 11
15 i 11

17 10 
18 5 
19 31

21 1 35

10 r "»
i* *j U ij

23 71

25 1 
25 51

NG PERIOD 30 IIAO . 
3ALDERA ;<M ; .i 3W EJ

43 23 
5 1 "4 
6 29 
52 43
43 2 IS

7 : : o
5 1 1 '31 
7 2 14 ' 21 
5 6 ; 2 6 
3 : 11

8 2 35 
4 3 32
7 2 ,20 
5 3 , 45 
4 29

1 27
512 25 
5 T ->2

623 -27

9 1 33 
7 1 51 
41 34 
72 32 
56 30

4 8 1 1 32 
3 7 30 
4 57 
1 3 24 
4 10 25

3 2 26
2 2 1 30 
5^3 25 
5 ; 29 
633 27

312 23 
2 1 24 
6 3 38

1 29

:S 1 31 
1 1 15 
7 1 1 23 
7 1 25
1 , _ b

4 1 22 
5 4 15 
4 11 18

53 36

0 3 3 1 35 
4 11 2 25
1 86 2 16 
7 36 , 32 
9 ~*5 '> - 36

:?. 10W., IHORT 10NG '-JE XI LA 
\GT ZAST! ?ER. PER. RIFT!

 58 151 3 1 I   
26 ,521'
T 0 ~ 1 i ^ '

35 22! 3 2
36 ^4 f 2 i

30 J 4 1 
35 10 4

56 14 5 2 i
59 9 " a. 5

59 13 52 
52 18 9 4 1 |
57 ^ _2 1 2

"73 6 11 1 3

67 3 341

59 11 11 1 
63 11 10 1
z3 3 oil

84 3 52 
68 12 62 
63 10 532 
81 6 3 3 
83 5 5 4 13

58 7 62 
L07 14 722 

93 2 315 
84 7 112 

121 4 33

80 8 511
59 ' 2\ ~ " "* ' 
 4 2 2 2 2

L21 10 212

311 4 411 60 
L17 8 23 1440 
11 1 1 1440

.44 10 121 1440 
:-? 3 3 1 1440

48 201 3 3 1 1440 
68 13 5 1440 
49 11 11 2 2 1440 
36 2 311 1440
47 ~ 3 . 1440

67 9 8 2 1440 
38 5 12 3 1440 
47 15 12 1 1
57  ' > 42 1 ' 

118 "7 4 1

53 10 225
33 12 1 3 1 ! 
48 10 3 1 4 :
41 5 5 2

UEA MAUNA
1OA 

T ^TTJT-D

4

30 

3

5 17 

30

8 
28 

107 
6

5

2 2 
9 32

5 

3

53

27



KILAUEA SUMMIT KILAUEA MAUNA _OA TREMOR ^MINUTES)

; SHORT 10
DATE PER .
1991 CALD. A

NOY27 5 1
23 71
29 ' 18 2
30 18 4

DEC 1 10 5

: 55
3 : 19 5
4 ! 12 5
5 94
5 1 21 5

7 7

NG PERIOD 30 ; KAO. JP. -OW. I CKORT LONG
ZALDERA XM « SW EAST EAST! PER. PER.

3 3 ; RIFT RIFT RIFT

5 22 70 ! 11
8 IQ 22 21
0 1 i 19
821 13
0 6 . 15

3 23 19
8 2 i 16
5 4 , 44
6 3 ,22
93^ 22

2 7 31 1 11
3 13 79 1 43 1 17
i   7 4

10 ; 34
2 29 ; 23
7 49 '33

11 8 29 22 1 17
------+-------------------------+------- 

12 6 62 31 20
13 7 43 50 12
14 931 56 22
15 8 75 4 47 -ITS'
15 12 -? 9 32 ! 2 2

17 12 37 5 1 23
18 26 34 2 22
19 19 84 3 13 16
20 54 23 3 14 1 9
21 60 41 4 18

22 16 87 25 42
23 11 47 19 44
24 30 43 4 10
25 7 44 3 30
26 19 92 1 23

27 16 107 1 16
28 12 3
19 15 13

7 "* c °3
2 2 15 : ',5

30 > 13 147 2 * 19
31 10 329 1 11

55 3 10 2
44 12 ! 3 1
33 3 ?
40 10! 2 1
" *"7 ^ "j iJ / TJ J  

22 .9 3 2
36 1 3
54 5 31
55 5 15
45 5 2

55 7 51
40 3 4
51 5 3
39 14 5 1
43 7 4 5

45 9| 9
11 11 "< 2
60 7 3
30 11
52 3 ~ 1

48 81 2 1
58 1
42 6 1
52 21
37 4 25

________+____   ______ 

45 14 39
51 9 59
58 1 13
65 5 96
31 5 52

--------+------------ 

59 3 61
44 i 9
48 " 2
25 11 i o 2
28 18 14

ME XILAUEA MAUNA
RIFT i LOA

  SKAL . :iTT . DEEP

~
-^

1
4

3 5
2
3 f 2
2
- '

3
2.

-i

2 35

3 5
1 ; 13
1
2
~ *

2

1 4
3
3 74

-----+-------------------- 
6
5 2
2 2

28
6

3

1
3
4

''Data incomplete - station(s) or recorder not in operation.



rabie 4. Names ana cooramates or regions usea for ciassitving eartnauaKes.

All earthauakes locate m one of trie following groups. Identified bv a numerical ciass or three-letter 
;ode:

--Shallow:
1 SNC - Shallow north caldera (0-5 km)
2 SSC - Shallow south caldera (0-5 km)
3 SEC - Shallow east caldera (0-5 Km)
4. SER - Shallow east nft (0-5 km)
5 3ME - Shallow middle east nft (0-5 km)
5 KOA - Koae fault zone (0-5 km)
7 SSF - Shallow south rlanK (0-5 km)
3 SUE - Shallow lower east nft (0-5 km)

-intermediate a'ecth:
9 SF1 - Kilauea souih flank (5-13 km) (west end)

10 SF2 - Kilauea south flank (5-13 km)
1 1 SF3 - Kilauea south flank (5-13 km)
12 SF4 - Kiiauea south flank (5-13 km)
1 3 SF5 - Kilauea south flank (5-13-km) (east end)
i 4 IJER - Lower east rift (5-99 km)

1 5 MLO - Mauna Loa (0-13 km)
16 LSW - Lower southwest rifts of Kilauea ana Mauna Loa (0-13 km)
17 GLN - Glenwood (0-13 km)
18 SWR- Southwest rift (0-13 km)
19 INT - Intermediate caldera (5-13 km)
20 KAO- Kaoiki (0-13 km)

--Deep:

21 DEP - Deep Kilauea (>13 km) (below regions 1-13, 17-19)
22 DLS - Deep lower southwest rift (>13 km) (below region 16)
23 DML - Deeo Mauna Loa (>13 km) (below regions 15, 20)

-Outer regions, ail depths:
24 LOI - Loihi
2 5 KON - South Kona
26 HUA- Hualalai
27 KCH - Kohaia
2 8 KEA - Mauna Kea
29 MIL - Hilo
30 DIS - Distant, everywnere else



Table 4 (continued). , he iatituae and longitude iimits or the regions are given below. When the 
coordinates overiao, precedence is given as in ihe maps.

No. Code N. Lat. 3. Lat.

i

2
3
4
-
o
6
7
8
9

10
1 1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

SNC
SSC
SEC
SER
SME
KOA
QQFOOl

SUE
SF1
SF2
SF3
SF4
SF5
LER
MLO
LSW
GLN
SWR
INT
KAO
DEP
DLS
OML
LOI
KON
HUA
KOH
KEA
MIL

J 9

19
19
19
19
19

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
19

28.0
24.5
24.5
26.0
1C A^O.U

22.0

32.0
22.0
26.0
26.0
26.0
26.0
32.0
35.0
19.0
35.0
22.0
28.0
30.0
35.0
19.0
25.0
10.0
39.0
55.0
25.0
25.0
 17.0

19
19
19
19

19
191 «.?

19
19

.-'19

19
19
19
19
19
18
19
19
19
19
19
18
19
18
19
19
19
19
19

24
22
22
20

20
10
16
10.
10
10.
10
10
16.
19
40
26
10
22
19
10
40
19,
40
00
39
55
35.
32

.5

.0

.0

.5

.5

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

155
155
155
155
155! w W

155
1551 ^J\J

155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
1 55
156
156
156
155
155

19.
19,
16.
14
07
17
17
00
17.
14.
12,
09
05
00
35
43,
19
25
19
32
25
43
w 3 .

25,
20,
20,
20,
34
09,

.0

.0
c

.0

.2

.0

.0

.0

.0

.5
o. w

.1

.3

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

155
!55
155
155
J 55
> \J \J

155
155
154
155
155
155
155
155
154
155
155
155
155
155
155
155
155
^55

155
155
155
155
154
154

14.0
16.5
14.0
07.2
00.0
14.0
00.0
40.0
14.5
12.3
09.1
05.3
00.0
40.0
19.0
25.0
00.0
17.0
14.0
19.0
00.0
25.0
- 9.0

00.0
43.0
43.0
34.0
40.0
40.0



20 KM LGI-24
I ! 1 1 1 1 I 1 1 ! I I ! 1 1 1 1 1 1 .! I

i i | i i i i | i i r i | i i i i ( i i i i

20' 10'

Figure 5. EarihquaKe classification, snaiiow (0-5 km deeoj, for Kilauea ana the east 
flank of Mauna Loa.



h 30

:0*

Figure 6. Earthquake classification, intermediate (5.1-13 km deep), for Kilauea 
and the east flank of Mauna Loa.
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Figure 8. Earthquake classification, deeo (greater than 13 km deep), for the island of Hawaii.
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Table 5 is a cnronoioqicai list of selectee evenis M>1.4. successruiiv located during 1991. For eacn 
eveni, the following data are Dresemea:

ORIGIN TIME - in Hawaiian Standard Time: date, hour (HR), minute (MM), and second (SEC).

EPICENTER - in degrees and minutes of north latitude (LAT N) and v/est 
longitude (LON W).

DEPTH - Depth of focus in kilometers.

AMP MAG - Amplitude magnitude, if determined.

DUR MAG - Duration magnitude, if determined.

NR - Number of arrivals (P and S) used in the solution.

NS - Number of S arrivals used in the solution.

GAP DEG - Largest azimuthal separation in degrees between stations.

RMS SEC - Root mean square error of time residuals, in seconds.

RMS = ( !Rj 2/NR) 1/2

MIN DIS - Epicentral distance, in kilometers, to the third nearest station. 

ERH km - Standard error of the epicenter, in kilometers. 

ERZ km - Standard error of depth of focus, in kilometers.

REMK - Remarks, three-letter code for geographic location of events. 
See Figures 5-8 for location of mnemonic code. Additional one-letter 
codes have the following meanings:

F felt

L long-period character

T associated with harmonic tremor

B quarry or other blast

the location program had a convergence problem, which usually means that 
the depth may be unreliable.

the depth was held fixed. 

Table 6 is a list of events of magnitude 3.0 or greater, selected from Table 5.
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"able 5. 1991 HVO EARTHOQAKE SUMMARY LIST M>=3.0

ORIGIN TIME
YEAR M3N DA

1991 JAN 1
7

FEB 8
11
23

23
24

:-3AR "

11
23

25
36
26
28
28

28
29

APR 3

HRMN

535
1219
10 5
1123
754

1047
23 '-
413
1421
1841

22 2
557
7 4

13 5
14 3

1418
2231
1539

SEC

20
34
45
58
54

39
0

21
_

59

24
22
30
55
32

35
o

.78

.43

.02

.91

.04

.71

.63

.38

.59

.19

.68

.22

. 61

.15

.78

.63

.39

.70

LftT N
DEG MIN

19 20
19 31
19 48
19 13
19 20

19 20
19 25
19 58
'' 9 29

19 58

19 19
19 21
19 21
19 18
19 19

19 19
18 51
20 30

.78

.50

.23

.04

.71

.05

.15

.45

.21

.32

.53

.34

.23

.82

.11

.26

.32

.13

1CN W
DEG

155
155
156
155
155

155
156
155
155
155

155
155
155
155
155

155
155
156

MIN

7.
37.
9 _

41.
7 .

11.

41.
27.
48.

30.
12 .
12.
13.
13.

13.
20.
^ .

31
26
72
46
31

98
o5
~i
- _L
~(/1
~i-i

77

09
94
91
27
31

49
59
65

DEPTH AMP CODA
KM MAG MAG NR

3.
11.
37.
5.
i

9.
45.
30.
5 .

16 .

3

Ji .

j_ .

a

10.

o_

16.
' 1.

99 3
25 3
49 3
83 3
01 3

27 2
20 3
14 4
58 3
79 3

3.^ O

GQ 'J ^j -j

22 3
04 3
33 3

53 3
51 3
27 j

.5 3

.3 3

.5 3

.5 3

.4 3

.0 3

.9 3

.2 4

. 2 2

. 6 2

-i

. -> j

.0 3

. i j

.8 A

c; j_

.2 3

. J< ~j

.6 50

.3 47

.2 52

.8 51

.7 54

.4 50

.8 59

.2 61

.0 53

.8 55

.1 54

.4 49

.0 42

.9 54

.1 53

.0 54

.0 60

.2 56

JSJS

6
5
7
7
3

9
- 1 
j-j.
10
". d

7

3
j
7

5
5

6
12
o

SAP
DEG

89
109
254
113
34

30
226
121

-, 7

180

36
52
58

126
122

121
254
317

RMS
SEC

.10

.11

.12

.20

.10

.11

.10

.10
I"5

.12

.11
. _ ;_

.16

.12

.12

.13

. _2

. 11

MUT ERH
DIS

5
4

43
3
4

=.
* 7

_3
z

17

7

_

2
 

7

5
35
32

KM

0.3
0.4
1.0
0.5
0.3

0.4
'j .  
0.5
0.3
0.3

J . -V

0.3
0.3
0.4
0.3

0.4
0.9
t! . O

ERZ
KM

0.3
0.3
1.3
1.2
0.3

0.4
1.3
._ .  
0.3
3.4

0 6
0.4
0.5
0.5
0 3

0.4
±2 . 5
7.4

ID
FM

0
0
0
0
3

0
0
0
; } *j

0

j

0
0
0
0

0
0
0

REMK

SF4
MHO
HUA
LSW F
3F4 F

SF3
KCN
KOH F
KAO
KOH

KAO
SEP. F
SER F
SF2 F
SF2 F

SF2 F
LOI
DIS '

17 814 29.38 19 19.20 154 55.42 42.77 2.3 3.4 69 18 214 .10 11 0.3 0.6 0 LER F
26 542 36.20 20 51.33 155 25.72 15.59 4.0 4.0 49 5 314 .13 90 5.8 12.4 0 DIS

MAY 8 821 11.98 19 20.56 156 12.98 31.38 5.5 5.3 50 3 263 .11 35 1.3 1.6 0 KCN F
8 830 12.54 19 24.09 156 15.86 32.53 3.6 3.3 55 9 266 .10 38 0.7 1.1 0 KCN
8 1031 56.77 19 23.08 156 23.36 36.20 3.5 3.0 53 13 277 .10 51 0.9 1.5 0 DIS
3 1447 32.86 19 21.10 156 18.54 35.08 3.8 4.0 50 4 271 .11 44 1.1 1.5 0 KCN F
3 1415 36.78 18 58.95 155 27.15 36.44 2.4 2.2 57 3 220 .09 20 0.3 ).3

30 1756 43.40 19 57.21 155 19.35 11.23 2.2 3.0 51 9 198 .12 " 0.7 0.5 0 KSA
1 542 41.20 19 18.65 155 18.42 33.Q3 2.1 3.4 60 9 37 .11 1 0.5 0.6 0 DEP F
5 1513 0.45 19 22.97 155 14.60 3.31 2.3 3.2 50 5 49 .12 3 0.3 0.4 0 SEC F

13 2217 23.54 21 20.23 156 57.53 5.52 4.0 3.1 49 6 339 .14182 10.2 13.1 0 US
18 031 16.10 19 19.80 155 10.54 8.66 2.9 3.3 50 5 90 .11 4 0.4 0.4 0 SF3

18 18 8 25.82 19 27.37
25 6 Q 42.31 1
27 1330 16.24 1
23 940 23.69 19 20.31
29 1617 15.14 .

:7.37
:0.09
:3.02
10.31
;o.03

;0.40
:0.03
15.13
.3.74
19.87

154
155
155
155
155

155
155
155
155
155

52
12

3
2
5

29
11
18
13
20

. 57

. 07

.66

.15

.76

.90

.74

.92

.48

.37

3

3
", ") LI.

3
Q

9
0

5
10
22

.77

. 25

.44

.29

.02

.65

.58

.75

.10

.76

3.0
2 . 9
2.4
2 . 3
5.5

2 9
2.3
3.0
3.8
3.0

3.1
-i . _

,i . 1
-i . 2
3.3

~ ^ o .^
~! 1

3.1
3 .9
3.0

51
52
59
52
48

53
46
44
57
72

3
"

_^_i_
7
6

 ~r

5
4
7

21

145
'9

257
94

111

58
33
41
^5

36

.11
~* D

"" 4

.12

.10

.10

.10

.12

.11

.10

3
5

45
_
5

6
5
2
3
6

0
' j

_L

0
0

o
0
0
0
0

.5

.4
71

. 6

.3

.3

.4

.3

.4

.3

0.2
3.5
2.3
0.4
0.4

0.5
0.5
0.6
0.3
0.5

0
n

0
0
0

o J

0
0
0
0

LER F
Sr 3 F
K3I
SF5
SF4

KAO

SF3
INT F
SF2 F
DML

JUL 1 534 27.51 19
21 1240 45.11 19 20.03

AU3 3 2055 16.67 :
5 1345 42.17 19 13.74
6 1359 25.18 19 29.87

11 329 59.69 19 22.82 155 4.29 3.75 2.5 3.7 51 7 37 .09 3 0.3 0.3 0 SF5
18 2325 42.00 18 43.40 156 39.55 29.76 4.7 4.0 57 3 324 .10103 1.3 2.4 0 DIS
21 11 9 49.48 19 23.58 155 15.10 3.26 3.0 3.3 44 5 44 .12 2 0.3 0.4 0 SEC
23 2132 11.13 19 19.72 155 11.77 7.98 2.3 2.0 53 7 88 .13 5 0.4 0.5 0 SF3
4^5 16.46 19 12.15 155 27.15 9.67 4.1 4.5 34 3 94 .17 5 0.4 0.6 0 LSW F



1991 HVO EARTH2UAKE SUMMARY LIST M>=3.0 2

ORIGIN TIME LAT N LDN W DEPTH AMP CODA. GAP EMS MEM ERH ZRZ UO
YEAR MDN DA. HKMN SEC DEG MIN DEG MIN KM MAG MAG NR MS DEG SEC DIS KM KM EM EEMK

1991 SEP 5 2356 34.24 18 55.37 155 3.55 35.41 3.9 3.4 61 14 257 .11 41 0.8 2.0 0 LOI F
12 3 2 45.66 19 18.29 155 14.14 3.70 3.1 3.2 49 7 83 .11 3 0.4 0.5 0 SF2
15 14 5 46.82 19 21.84 155 ~.35 3.64 2.8 3.0 50 6 165 .10 3 0.5 0.4 0 SF4
25 739 31.47 19 11.89 155 35.44 ".82 3.8 3.8 49 6 91 .21 6 0.5 1.0 0 LSW F

OCT 2 1629 35.95 19 15.77 156 20.56 44.17 4.4 4.2 54 11 278 .10 49 1.1 1.3 0 DIS F

4 17 9 16.83 19 22.53 155 24.68 11.51 3.5 3.8 54 5 25 .12 5 0.3 0.4 0 KAO F
19 1217 39.52 19 15.03 155 35.06 5.15 3.3 3.5 34 14 ~1 .12 4 0.3 0.8 0 LSW
23 350 28.60 21 20.02 157 24.42 23.35 4.1 3.1 45 " 341 .13265 3.4 3.9 0 DIS F
26 1612 27.17 19 21.76 155 5.11 3.02 3.1 3.3 56 7 31 .10 5. 0.4 3.3 0 SF5

NOV 1 1020 21.97 19 19.67 155 12.39 9.43 4.0 4.3 52 4 34 .10 5 0.4 0.3 0 SF2 F

5 1215 48.00 19 20.58 155 11.74 7.94 3.4 3.7 56 7 73 .13 4 0.4 0.5 0' SF3
10 2147 57.43 19 47.46 155 24.50 25.00 3.4 3.3 56 18 149 .11 5 0.5 1.0 0 KEA
13 1052 2.07 19 21.34 155 13.34 9.75 2.3 3.3 57 14 54 .11 2 0.3 0.4 0 SF2 F
15 1238 35.27 19 20.23 154 43.52 48.41 3.1 3.0 53 9 282 .10 19 1.1 0.8 0 LER
21 2243 59.00 19 22.10 155 30.24 9.72 3.C 3.0 51 7 34 .09 5 0.3 0.5 0 FAD

23 750 34.17 19 9.53 155 40.17 3.93 2.9 3.3 47 7 122 .21 11 0.5 0.6 0 LSW
DEC 9 558 14.38 18 52.57 155 27.13 33.38 3.3 3.0 58 12 254 .10 25 0.3 1.4 0 DLS

9 1314 10.48 18 50.11 155 50.94 46.42 5.2 4.6 50 3 299 .10 25 1.3 0.6 0 DIS F
10 134 16.21 20 7.93 155 37.28 7.76 3.3 3.0 44 3 220 .09 17 1.0 0.7 0 KOH F
12 037 4.62 19 27.12 155 14.20 33.77 3.3 3.8 58 11 59 .11 4 0.5 0.6 0 DEP F

19
19
19
19
19

' 9

19
19
19
19

19
19
19
19
19

20
20
23
26
30

0 7 21
339 48
345 59
415 35
^ o 2

324 25
528 39
538 1
542 31
620 54

543 26
711 44
715 57
313 25

1747 57

426 58
730 45
224 12
457 0
352

.17 19

.88 18

.20 18

.72 18
^9 ' R

.79 18

.24 19

.27 18

.60 19

.92 18

.72 18

.44 18

.31 19

.80 18

.10 18

.08 18

.97 18

.66 19

.01 19

.12 19

23.32
55.94
52.41
56.17
53.09

54.07
1. 63

53.35
3.48

56.46

58.87
52.86
0.85

56.08
55.61

57.71
57.13
33.55
18.77
14.42

155 15.05
155 16.46
155 14.70
155 15.28
155 12.52

155 12.35
155 15.27
155 11.43
155 13.73
155 13.95

155 10.21
155 14.52
155 13.52
155 13.43
155 12.31

155 11.49
155 9 . 60
156 3.05
155 13.77
155 33.62

3.63 3
14.00 3
13.88 3
14.42 3
13.15 2

12.65 3
14.51 2
12.47 3
14.12 3
1.69 3

48.99 3
12.49 3
14.63 4
3.53 3

12.28 3

3.84 3
11.75 2
33.93 3
9.65 3
3.69 3

.1 3.7 29

.0 3.2 22

.0 3.1 32

.1 3.4 28

.0 3.1 23

.3 3.4 30

.7 4.1 27

.1 3.2 30

.0 3.5 24

.7 4.0 27

.4 3.3 28

.0 3.2 31

.0 4.3 30

.6 3.0 38

.7 3.5 45

.1 3.0 46

.9 3.2 48

.1 3.1 46

.4 3.6 53

.1 3.0 49

8 105
0 278

12 285
7 277
4 285

10 282
4 262

11 300
3 266
7 277

7 271
11 284
3 265
4 274

10 286

3 274
9 276
5 251
9 87
6 144

.08 2

.09 32

.11 39

.10 33

.12 41

.11 39

.10 26

.10 42

.09 30

.13 34

.12 37

.11 39

.11 30

.13 39

.12 38

.13 36

.14 37

.11 24

.11 3

.15 6

0.3
4.5
3.4
1.1
"^ O

1.2
1.4
j. . -^
1.4
1.3

2.0
1.0
1. 4
1.4
1.1

0.7
1 ^

1.1
0.4
0.7

0.3
1.6
5.1
1.5
3.3

* 3

.- . ^.
1.5
1.0
1.0

2.4
r*

-L . U

1.6
0.7
0.5

0 .7
0.6
1.3
0.4
1.5

0 SEC
0 LOI
0 LOI
0 LOI
:) LOI

J LOI
0 LOI
0 LOI
0 LOI
0 LOI

0 LOI
0 LOI
0 LOI
0 LOI
0 LOI

0 LOI
0 LOI
0 KON
0 SF2
0 LSW F

72


